Background: Mental health problems are a worldwide public health burden. The literature concerning the mental health benefits from physical activity among adults has grown. Adolescents are less studied, and especially longitudinal studies are lacking. This paper investigates the associations between weekly hours of physical activity at age 15-16 and mental health three years later.
Background
Mental health problems are a worldwide public health burden. They decrease the quality of life and substantially increase health care costs. At any given time, one in eight children have an impairing psychiatric disorder [1] , and considerably more adolescents report psychiatric symptoms [2] . The fact that symptoms of mental distress are frequent and cause significant impairment underlines the importance of knowledge about risk and protective factors in relation to mental health problems.
The documented benefits from regular physical activity for psychological well being in adults include improved mood states, enhanced self-perception and self-esteem [3] . Further, exercise has been recommended as a tool in therapy for mild to moderate depression and anxiety [3, 4] . Several mechanisms have been hypothesized. Biochemical mechanisms which include release of endorphins, and increased serotonin and norepinephrine synthesis have been suggested, but methodological problems have prevented the link to mental health effects in humans [3, 5, 6] . Another hypothesis is that exercise reduces emotional strain and serves as a buffer against stressful events. In addition, participation in regular physical exercise programs may convey a sense of mastery and increased self-esteem [7] [8] [9] . Participation in sport and exercise groups may also provide social interaction and promote social support. Most studies reporting mental health effects of physical activity deal with relationships between physical activity and mental health within short time frames [3, 4] . Little is known about the long-term effects of physical activity on the risk of developing mental health problems [4] . The small known number of prospective studies of adults concludes that inactivity is an independent predictor of depressive disorder and that physical activity protects against depression [10] [11] [12] [13] [14] [15] . One study of women reports a negative association between athletic activity in college and depression 15 years later [15] . Others could not find evidence that exercise reduces the risk of depression [16] or anxiety [10, 13] . Some population-based studies focus on the relation between physical activity and mental health in adolescents, but most of them are cross sectional [17] [18] [19] [20] [21] . The only, to our knowledge, population-based longitudinal study in young teens (7th to 8th grade) reported an association between reduced physical activity and increased depressive symptoms [22] . Thus, knowledge of the association between physical activity and various dimensions of mental health in a longitudinal perspective are lacking. In a review of the dose-response effects of physical activity on depression and anxiety, the authors noted the lack of studies focusing on frequency or duration of physical activity and symptoms of mental health problems [23] . Although both physical activity and mental health problems in adolescence differ by gender, results are rarely reported separately for boys and girls. Thus, little is known of the relationships between different amounts of physical activity in mid-teens and various mental health outcomes over time, and whether the associations differ by gender.
The aim of the present study was to investigate how numbers of weekly hours of physical activity in boys and girls at age 15-16 are associated with mental health three years later.
Methods
Baseline study All 10th graders in Oslo during the school years 1999-2000 and 2000-2001 were invited to enter the youth component of the Oslo Health Study, a questionnaire study conducted in schools. All parents received written information and the students completed a consent form before participation. The students completed the two questionnaires during two school classes. A project assistant was present in the classroom to inform the students about the survey and to administer the questionnaires. Questionnaires were left at school to be completed by students not present on the day of the survey. Those who did not respond were sent a copy by mail to their home address, together with a prestamped, return envelope. A more detailed description has been published elsewhere [24] . From the total population of 15-16-year-olds, 7343 (88%) participated. Those participating in 2000-2001 (n = 3811) constituted the baseline of our longitudinal study and were invited again in 2004.
Follow-up study
The follow-up study was carried out partly as a schoolbased survey and partly through mail. The study is described more thoroughly elsewhere [25] . The procedure of the school-based part of the study was similar to the baseline. All the 32 secondary high schools in Oslo took part and the final year students filled out one questionnaire during one school class.
The participants in the baseline study (2000-2001) who were not enrolled in the final year of secondary high school in Oslo and who had consented to participate in a follow-up were invited by mail to participate. The invitation included an invitation letter, an information brochure, a consent form, the questionnaire and a prestamped return envelope. Two reminders were sent to those who did not respond.
Study population
From the participants in the baseline study (3811), 2489 (1112 boys and 1377 girls) participated in the follow-up with consent to link data from the two surveys. Students reporting motor disabilities at baseline were excluded (n = 56). Only adolescents who had participated in both sur-veys were included in the analysis (n = 2433) [see Additional file 1]. Those who did not respond in the follow-up were characterized at baseline by higher mean (SD) SDQ total (10.8 (4.9) vs. 9.6 (4.8), p < 0.001) and lower physical activity levels (p < 0.001). The association between SDQ total score and physical activity at baseline among the responders and non-responders was similar (p (interaction) = 0.725).
Measures

Mental health
We used the self-report version of the Strengths and Difficulties Questionnaire (SDQ) [26] . The SDQ has been used in large number of studies during the last ten years, including the British Child and Adolescent Mental Health Survey [27] , The US National Health Interview Survey [28] , and several large Norwegian epidemiological studies [29] . The SDQ is a 25-item screening questionnaire with five scales, each consisting of five items, generating scores for emotional symptoms, conduct problems, hyperactivity-inattention, peer problems, and prosocial behaviour. Each item can be answered with 'not true' (0), 'somewhat true' (1) or 'certainly true' (2) . The first four problem scales are summed to generate a total difficulties score. SDQ is designed and validated for youngsters (11-16 years) , but SDQ has also been used for older youths [29] . In the follow-up questionnaire minor linguistic changes were made in accordance with the approved Norwegian translation. The internal consistency (Cronbach's alpha) of the various SDQ scales at baseline and follow-up were: 0.73, 0.77 for the total difficulties score; 0.70, 0.73 for emotional symptoms; 0.47, 0.38 for conduct problems; 0.54, 0.65 for hyperactivity-inattention; 0.53, 0.57 for peer problems; and 0.64, 0.61 for prosocial behaviour. In accordance with other studies, the Cronbach's alpha values were low for some of the subscales [30] , particularly for conduct problems [31] . The problem scales are based on current nosological concepts [30] . Conduct problem items cover selected essential criteria for oppositional defiant disorder and conduct disorder [32] . A large validation study found that a high score on the self-report conduct problems was associated with an odds ratio of 7.1 for having conduct or oppositional-defiant disorder [30] . The self-report version of SDQ has also shown satisfactory discrimination between community and clinical samples [33] .
Many young people with high psychiatric symptoms score in epidemiological studies, are not significantly socially impaired by their symptoms [34] . To get a better indication of influence of the symptoms an impact supplement has been made [35] . This supplement was included in our follow-up survey and starts with a question on whether the respondent thinks he or she has a problem. If so, further enquiries are made about chronicity, overall distress, social impairment and burden to the environment. The impact questions have four response categories: no (0), little (0), quite a lot (1), a great deal (2) . The items concerning overall distress and social impairment related to family, friends, learning situation and leisure activities generate a total impact score, ranging between 0 and 10. A validation study finds that the impact scores discriminate between a clinical and a community sample, and that impact scores were better than symptoms scores at discriminating between the two samples [35] . Goodman defines a score of two or more as 'abnormal' or 'caseness' and a score of one as borderline [35] . The variable is dichotomized into high (≥1) and low (<1) scores when conducting logistic regression.
Weekly hours of physical activity in leisure time
Participants were asked how many hours per week they spend on physical activity 'to an extent that make you sweat and/or out of breath'; 0, 1-2, 3-4, 5-7, 8-10, or 11 hours or more per week. When studying the relationship between physical activity and mental health by variance analysis and logistic regression, physical activity was recoded into four groups (0, 1-4, 5-7 and ≥8 hours per week). The six original categories were included as an ordinal variable coded 1,2,..6 in multiple linear regression.
Confounding factors
Adjustments were done for well-documented confounding factors: ethnic background, family economy, smoking, and use of alcohol [36] [37] [38] [39] . Of the study population, 20% reported an ethnic minority background, defined as those having both parents born in a country other than Norway [40] . The family economic status was characterized as 'very bad/bad', 'good' or 'very good' based on a question comparing the family economy with other families in Norway. Alcohol consumption was measured by asking how often in course of the past year the person had drunk alcohol, and coded into six categories (Table 1) . Smoking habits were categorized into 'never/quit', 'once in a while' and 'daily'.
Because the study was conducted partly in school and partly by mail, we created a variable, 'Invitation group', categorizing mail or school participation.
Ethics
Both protocols were evaluated by the Regional Committee for Medical Research Ethics and were approved by the Norwegian Data Inspectorate. The baseline study, and the part of the follow-up study carried out in the schools, received approval from the school authorities in Oslo.
Statistical methods
In addition to descriptive statistics, paired and un-paired t-testes, we used the GLM Repeated Measure to test if change in SDQ in the follow-up period differed between boys and girls. One-way ANCOVA between-groups analysis of covariance was used to test if the SDQ subscales in the follow-up varied by weekly hours of physical activity (0, 1-4, 5-7 or ≥8) at baseline. Invitation group, ethnic background, family economy, smoking and alcohol use, and the respective SDQ subscale at baseline were collectively entered as covariates. Results are given as adjusted means with 95% confidence intervals (95% CI). To test the linearity of the associations described in the ANOVA/ ANCOVA we performed multiple linear regression. To test a nonlinear association between physical activity and mental health, physical activity squared [(physical activity) 2 ] was included in the model. Logistic regression was conducted to study how those with high total impact score at follow-up varied between the four groups of physical activity at baseline. All analyses were done separately for boys and girls. Calculations were performed in SPSS 13.
Results
Baseline characteristics are presented in Table 1 . There was no gender difference in ethnic background, invitation group and alcohol consumption. Girls perceived their family economic status to be slightly worse than did boys. Girls were more often daily or 'once in a while' smokers than boys, and boys spent more hours per week on physical activity compared with girls (Table 1) .
At baseline, girls reported more overall mental health difficulties (SDQ total difficulties), emotional symptoms and hyperactivity-inattention problems than boys. Girls also reported more prosocial behaviour than boys, whereas boys reported more conduct problems and peer problems than girls (Table 2) . During the follow-up period, the difference in overall mental health difficulties between the genders increased, with a reduction in SDQ total difficulties for boys and an increase for girls. Peer problems were reduced in boys and increased in girls. Emotional symptoms also increased in girls, while there was no change in boys. Both genders had an increase in hyperactivity-inattention problems and prosocial behaviour, while conduct problems decreased (Table 2) .
Invitation group
Mental health at age 18-19 years according to physical activity at age 15-16 years Emotional symptoms and peer problems at age 18-19 were inversely associated with physical activity at age 15-16 in both genders, whereas prosocial behaviour was positively associated only in boys (p < 0.05 for all these associations in linear regression analyses) ( Table 3 , crude analysis). Boys and girls who were physically active 5-7 hours per week at age 15-16 had the lowest total problem score at follow up [see Additional file 2]. The U-shaped association was statistically significant in regression models, with (physical activity) 2 included, for both boys (p = 0.003) and girls (p = 0.014). When adjusting for invitation group, ethnic background, family economic status, smoking, use of alcohol and the respective SDQ score at baseline, the U-shaped trend between SDQ total and physical activity was no longer statistically significant for neither boys (p = 0.14) nor girls (p = 0.31). Also the differences in the SDQ subscales according to physical activity decreased after adjustments (Table 3 , adjusted model). In girls, there were no significant differences between categories of physical activity at baseline for any SDQ subscale at follow up after adjustments (Table 3, Boys and girls who were physically active 5-7 hours per week at age 15-16 years had the lowest risk of reporting distress and social impairment (total impact score ≥1) three years later (Table 4 , crude model). However after adjusting for possible confounders and mental health at baseline the associations were no longer statistically significant (Table 4 , adjusted model).
Discussion
In boys, weekly hours of physical activity at age 15-16 years were inversely associated with emotional symptoms and peer problems at age 18-19 years after adjustment for confounders and mental health at baseline. In boys also prosocial behaviour varied with physical activity after adjustments, but there was no linear trend. In girls there was no independent effect of physical activity at age 15-16 on mental health at age 18-19 after adjustments. Participants reporting five to seven hours of physical activity per week at age 15-16 had the lowest mean score for SDQ total difficulties and the lowest percentage with high impact score at follow up, but the differences were not statistically significant after adjustments.
Methodological strengths and limitations
Our longitudinal study extends beyond previous reports of population-based cross-sectional associations between physical activity and depression [19] , emotional wellbeing [20] and social problems [17, 18] when studying physical activity at age 15-16 years and different aspects of mental health three years later. We are still not able to infer the direction of causality from our analysis. There could be common underlying factors influencing both physical activity and mental health at both time points, or these two factors could be in a continuous circular relationship.
In the baseline study, all 10th graders in Oslo were invited to participate in the school year 2000-2001. The high participation rate implies that the baseline cohort is representative for 10 th graders in Oslo. In the follow-up, those not participating were less physically active and reported more symptoms of mental health problems at baseline than those who participated. However, the association at baseline between SDQ total problem score and physical activity was similar for the non-responders and those participating in the follow-up. Thus, we believe it is unlikely that those lost to follow-up would appreciably influence the associations at follow-up.
When measuring mental health among children and adolescents it is preferable to use several informants (also parents and teachers). Self-reports are generally less strongly associated with psychiatric disorder than parent reports [30] . In our follow-up study the participants were 18 years, and parent reports could not be included. The fact that this is a self-report study, with low internal consistency for some of the subscales, should be kept in mind when interpreting the results. However, low internal consistency may have led to an underestimation of associations.
Measuring physical activity by questionnaire is also associated with difficulties [41] . We have used a single item measure for this variable, something that has to be taken into consideration. A measure of weekly hours of physical activity however, has shown the ability to discriminate between levels of aerobic fitness in youth [42] . It seems reasonable to assume that the question captures different levels of physical activity, but how accurate the adolescents report hours peer week is unknown.
Within the limitation of the study design the results reveal an interesting association between physical activity and mental health. Although the associations were weak, physical activity was a positive factor for some dimensions of mental health problems in boys. In the population strategy of prevention: 'even a small shift in the distributions may have a large effect on the number of individuals falling into the high vulnerable tail of the distribution' [43] .
Mental health at age 18-19 years according to physical activity at age 15-16 years
We found a more consistent association between weekly physical activity and mental health in boys than in girls, and the associations were connected to emotional symptoms, peer problems and prosocial behaviour. Similar overall findings have been reported from cross-sectional studies of adolescents [17] [18] [19] , but not by gender. One such study of adolescents in grades 7-13 found a positive association between vigorous physical activity and social functioning, but no association for depression/anxiety when adjusted for age, gender, and SES [17] . Kirkcaldy et al reported that adolescents who engaged regularly in *High total impact score ≥1 **Invitation group, Ethnicity, Family economy, smoking and alcohol habit, SDQ total at baseline ***Percent of n with high total impact score physical activity display much less inhibition in social behaviour than their less active counterparts [18] . A third cross-sectional study reported that adolescents who did not exercise, or exercised infrequently, scored higher on psychological discomfort measured by loneliness, shyness and hopelessness than did adolescents who were more frequent exercisers [19] . One explanation for all these findings may be that physical activity and the sports arena represent an increased opportunity for social interaction and development of social skills. Adolescents who join a sports club show lower anxiety and depression scores than those pursuing individual sports [44] . Boys are more often than girls doing sport in a club [45] . If physical activity promotes social development, it is likely that this is a more permanent influence -and may be possible to detect as a long-term effect. Cardon et al found in a study among 1124 children aged 10 and 11 that boys felt more social support from family and friends to be active than girls [46] . Boys also perceived more benefits from physical activity than girls in regard to being together with friends/ meet people, have fun and being admired by others. The difference in peer problems and prosocial behavior according to physical activity may also be due to individuals with low social competence ceasing physical activity or participating in sports at a young age. Adolescents who possess good sport or physical activity skills may also be more socially attractive than less talented peers. Different patterns in type of physical activity, and changes in weekly hours over the period under study may also contribute to the gender difference.
Participants reporting 5-7 hours of physical activity per week at age 15-16 had both the lowest SDQ total problem score and the lowest percentage with SDQ total impact score at follow-up, but the differences became insignificant after adjustments. Cross sectional studies have however reported similar U-shaped associations [19, 21, 47] . One suggested reason for the non-linear association involves the detrimental effect of overtraining in athletes [47] . Unger (1997) , who studied participation in sport team and suicidal behaviour, revealed that girls who exercised 6-7 days per week and did not participate in team sports, were at the greatest risk of suicidal behaviour [21] . The author of this study suggests that these results may be due to a widespread perception of overweight and negative body image among adolescent girls who then exercise to lose weight. More research in general populations is needed on effects of high volume physical activity/exercise and mental health among adolescents.
Conclusion
Our findings indicate that physical activity at age 15-16 years may influence some aspects of mental health three years later in boys, but not in girls. Our study underlines the need to perform longitudinal studies with different aspect of mental health as outcome, conducting separate analyses by gender, and also consider the amount of physical activity when studying the relation between physical activity and mental health in adolescence. The results encourage subsequent cohort studies to focus on different types of physical activity (competitive vs. recreational, team vs. individual) and mental health follow up.
